The relations between 24 hour urinary electrolyte excretion and blood pressure were studied in 10 079 men and women aged 20-59 sampled from 52 centres around the world based on a highly standardised protocol with central training of observers, a central laboratory, and extensive quality control. Relations between electrolyte excretion and blood pressure were studied in individual subjects within each centre and the results of these regression analyses pooled for all 52 centres. Relations between population median electrolyte values and population blood pressure values were also analysed across the 52 centres.
Introduction
Evidence relating sodium intake to blood pressure comes from clinical observations, animal experiments, epidemiological investigations, and dietary trials. The weight of evidence favours some causal relation but there are inconsistencies. Studies of individual subjects within populations have been hampered by limited ranges of sodium intake and by large day to day variation in sodium intake and excretion. Nevertheless, some have shown a significant positive association.2-"' Several trials have disclosed significant falls in blood pressure with reduced sodium intake, but others have not." Cross sectional studies of isolated populations have found that when sodium intake is low mean blood pressure is low and that among adults blood pressure varies little with age. 4 In almost all other populations, with greater intakes of sodium, mean pressure is higher with age. Three reviews have concluded that there is a linear relation between sodium intake and blood pressure across diverse populations with varying levels of sodium intake.'`-' None of these dealt with data from a systematic, organised international study; no such investigation has been done. '8 Rather, each was based on data from separate, individual studies, with unstandardised measurement of both sodium intake and blood pressure; confounding factors other than age and sex were largely ignored.
The purpose of Intersalt is for the first time to investigate in a systematic and standardised way the relations between electrolyte excretion and blood pressure based on samples from many countries and with assessment ofrelevant confounding variables. It is also unlike previous international studies in providing data on individual subjects as well as on populations.
This report analyses sodium excretion, potassium excretion, and sodium to potassium ratio in 24 hour urine samples in relation to blood pressure among over 10 000 men and women aged 20-59, taking body mass index and alcohol intake into consideration as confounding variables. Emphasis is placed on electrolyte effects because this was the reason for the study: the important independent effects of body mass index and alcohol will be fully reported later. Relations are examined both within and across the 52 study populations.
Methods

FIELD METHODS
The design of the study and methods have been detailed elsewhere. "' Briefly, 52 centres from 32 countries participated. Each centre was asked to recruit 200 men and women aged 25 in each of eight age and sex groups. Whenever possible the samples were selected at random from population lists or by chunk sampling of defined populations. The population bases included electoral registers, factory or hospital workers, and whole village or island comrmunities. Investigators were trained in standardised field methods at one of five training meetings held around the world. Field methods were described in detail in a manual of operations.2
Whenever an unacceptable report-for example, an incomplete urine collection-was identified during data collection the centre was asked to recruit an extra (supplementary) participant from the same age and sex group in strict order of random allocation. This was to facilitate the goal of 200 analysable reports per centre; occasionally, however, fewer than 200 were available. Thus reports were received on 10 648 eligible participants, ofwhom 569 (5 3%) were excluded, 568 because of problems with the urine collection or forms and one because of incomplete blood pressure measurement. Data on the remaining 10 079 participants (5045 men, 5034 women) are presented; 807 participants chosen at random completed second visits at which blood pressure was remeasured and a repeat 24 hour urine specimen collected.
Blood pressure (sitting) was measured twice with a Hawksley random zero sphygmomanometer"2 with a false zero range of 0-20 mm Hg and the bell of a Littmann stethoscope. For 30 minutes before measurement participants refrained from eating, smoking, or strenuous activity; they then emptied their bladders and sat quietly for five minutes. A range of cuffs was used to allow for differing arm circumferences. Diastolic pressure was recorded when sounds disappeared (phase V).
Participants were asked to provide both a casual ("spot") urine specimen and a 24 hour urine collection. Standard 1 litre wide mouthed plastic jars were supplied, with a funnel for women, boric acid being used as a preservative. Participants were instructed carefully on the need to collect all urine passed during 24 hours; both the start and end of the collection took place at the examination centre under supervision of clinic staff so as to get exact timing of the collection and eliminate overcollection. At Blood pressure of individual participants was the mean of the two recorded readings. Individual electrolyte excretion was the product of electrolyte concentration in the urine and urinary volume corrected to 24 hours. Body mass index was calculated as weight divided by height squared (kg/M2). Relations between electrolyte values and blood pressure were assessed both within and across centres in accordance with prior plans.'9 Though the protocol specified one sided hypotheses,'9 a more conservative approach was adopted for this report, two sided tests of significance being presented throughout.
In within centre analyses centre by centre linear regressions of blood pressure on sodium, potassium, and sodium to potassium ratio were calculated, adjusted for age and sex. Adjustments were also made for body mass index and alcohol intake, identified beforehand as important confounding variables, and then potassium was also included in the regression for sodium and sodium in the regression for potassium. Additional exploratory analyses were undertaken with calcium and magnesium in these models. To adjust for alcohol seven day intakes were stratified into three groups (0, 1-299 ml, and ¢300 ml absolute alcohol/week) with two 0,1 variables-that is, no alcohol intake v 1-299 ml/ week (0,1) and no alcohol intake v 300 ml/week (0,1).
Within centre regression coefficients for blood pressure and electrolyte values were averaged (pooled) in order to yield overall study estimates, each centre coefficient being weighted by the inverse ofits variance; this procedure minimised the variance of the pooled coefficient. Misclassification of individual participants due to within individual variation attenuates true associations' and biases regression coefficients towards zero, but corrected estimates of the regression coefficients may be obtained from data on repeat urine measurements. These data yielded coefficients of reliability for each centre and for each urine variable, calculated as the reciprocal of (one plus the ratio of within individual to between individual variances). 29 These centre specific coefficients of reliability were then pooled and the pooled regression coefficient for each urine variable corrected by dividing it by its pooled coefficient of reliability.
The cross centre analyses examined the relations between population median 24 Four geographically isolated populations with very low sodium excretion and very low blood pressure strongly influenced overall cross centre associations, and so all analyses were done both for all 52 centres and with exclusion of these four. Before the data were analysed adherence of each centre to the protocol and manual of operations20 was reviewed centrally, and nine centres were judged to have broken one or more of the less critical protocol criteria. These infringements -for example, in recruiting procedures-were not of a nature seriously to affect the study of electrolyte and blood pressure relations, and as exclusion of these nine centres did not materially alter the findings, results presented here are for all centres.
Results
DESCRIPTIVE STATISTICS
Appendices I-III give the data for the 52 centres (men and women combined). Median values of the centres for key study variables had the following ranges (appendix I): urinary sodium excretion 0-2 mmol/24 h (Yanomamo Indians of Brazil) to 242-1 mmol/24 h (Tianjin, north China); potassium excretion 23 4-8 11 mmol/24 h; sodium potassium ratio <0 01-7-27; creatinine excretion 4 0-13 5 mmol/24 h; urine volume 0-58-1 -971/24 h. Median systolic blood pressure ranged from 95-4 to 132-4 mm Hg, diastolic pressure from 61-4 to 82 1 mm Hg, systolic blood pressure slope with age from -0-149 to 1-326 mm Hg/year, and diastolic blood pressure slope with age from -0 047 to 0-679 mm Hg/year. Prevalence of hypertension varied from nil to 33-5% and of alcohol drinkers from nil to 91-5%. Median (table I) . Significant negative associations were found in two centres. After adjustment also for body mass index, alcohol consumption, and potassium excretion positive associations were found in 33 centres (eight significant). Regression slopes for this analysis ranged from -0-040 to 0 085 mm Hg/ mmol sodium (appendix III). When these within centre regression slopes were pooled the relation of sodium to systolic pressure was positive and significant (p<0001) (table I). The coefficient of reliability for sodium estimated from the repeat measures was 0-460. Thus the corrected systolic pressure-sodium coefficient (adjusted for age and sex) was the uncorrected coefficient (0-0163) divided by reliability (0 460), giving 0 0354 mm Hg/mmol sodium (table I) .
After adjustment for age and sex sodium excretion and diastolic pressure were positively associated in 33 centres (significantly in four) and the pooled regression coefficient was positive and significant (p<0O001). Significance was lost when body mass index, alcohol intake, and potassium excretion were added to the analysis (table I) .
Sodium to potassium ratio and blood pressure of individuals
The sodium to potassium ratio adjusted for age and sex was positively related to systolic pressure in 40 centres (14 significantly) , and in 37 centres (eight significantly) when adjusted also for body mass index *p<O-05. **p<0-01. ***p<0-001.
tOther confounders were: (for sodium model) body mass index, alcohol consumption, and urinary potassium; (for sodium:potassium model) body mass index and alcohol consumption; and (for potassium model) body mass index, alcohol consumption, and urinary sodium.
tCoefficient of reliability calculated from data on repeat urine measurements (see text).
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and alcohol intake (table I) . When the centre data were pooled the relation of the sodium to potassium ratio to systolic pressure was positive and highly significant (p<0001). Though the relation of the sodium to polassium ratio to diastolic pressure was less strong, the pooled regression coefficients adjusted for age and sex and for age, sex, body mass index, and alcohol consumption were positive and significant (p<0001 and p=0 02, respectively). The coefficient of reliability for the sodium to potassium ratio was 0 386, which was used to correct the regression coefficients. For example, the regression coefficient of 0 6209 mm Hg relating systolic pressure to the sodium to potassium ratio (adjusted for age, sex, body mass index, and alcohol consumption) was 1 6085 mm Hg when corrected for reliability (table I) .
Potassium excretion and blood pressure of individuals Most centres showed a negative association between potassium excretion and systolic pressure, which after full adjustment was significant in three centres; none found a significant positive association. The pooled coefficient was small (positive) when only age and sex were in the model but was negative and significant (p<0-001) when adjusted for age, sex, body mass index, alcohol intake, and sodium excretion. The coefficient of reliability for potassium was 0-570, so that correction for reliability changed the regression coefficient for this analysis from -0 0254 to -0-0446 mm Hg/mmol potassium (table I) .
For potassium and diastolic pressure most centres showed a positive association in the age and sex adjusted analysis but a negative association (significant in five centres) when body mass index, alcohol intake, and sodium excretion were also considered. For both these analyses the pooled findings showed a negative association between potassium and diastolic pressure, which was significant in the analysis adjusted for all confounders (p<001) (table I).
Within centre results were essentially unchanged by the inclusion of calcium and magnesium in the regression models (data not shown).
Body mass index, alcohol intake, and blood pressure of individuals Pooled regression coefficients for the relations of both body mass index and heavy alcohol intake (¢e 300 ml/week) to systolic and diastolic pressure were highly significant in within centre multiple regressions when these included sodium and potassium excretion in the analyses (table II) .
ACROSS CENTRE ANALYSES
Median 24 hour sodium excretion and slope of blood pressure with age
In the age and sex standardised analysis a significant linear relation was shown between the median 24 hour urinary sodium excretion for the 52 centres and the slope ofsystolic blood pressure with age. The regression coefficient was 0 0030 mm Hg/year/mmol sodium (p<0 001) (fig la) .
Four isolated populations-the two Brazilian Indian (Yanomamo and Xingu), the Papua New Guinean, and the Kenyan-had the lowest urinary sodium excretion (0-2, 5-8, 26-8, and 51-3 mmol/24 h respectively) and had decreases or only small increases of systolic pressure with age (-0 079, 0 052, -0-149, and 0-206 mm Hg/year, respectively) (appendix I). The scattergrams of blood pressure variables and median sodium excretion for 52 centres suggested that these four isolated populations substantially influenced associations in linear regression and Pearson correlation analyses (see figs la, 2a, 3a, 4a), so analyses were repeated for 48 centres excluding these four. In addition, Spearman rank order correlation coefficients were computed as these do not assume linearity.
In the age and sex standardised analysis for the 48 centres the relation of sodium to systolic blood pressure slope with age remained positive but at a borderline level of significance (b=0-0019; p=006) ( fig  la) . Rank order (Spearman) correlation coefficients were significant in the analyses for both 52 and 48 centres (r=0A451, p<0 001; and r=0-305, p=0.03, respectively).
Simple correlation analyses of the data for 52 and 48 centres showed that across centres body mass index and alcohol intake were significantly related to key independent and dependent variables ( All analyses of the relation between median 24 hour urinary sodium excretion and diastolic blood pressure slope with age-that is, both with and without adjustment for body mass index and alcohol intake-yielded significant positive findings for 52 and 48 centres, linear regression coefficients ranging from 0-0014 to 0-0021 mm Hg/year/mmol sodium (p<001 and p<0 001, respectively) (fig 2a-c) .
Median 24 hour sodium excretion and median blood pressure There were positive and significant relations between median sodium excretion and median systolic pressure across 52 centres in both the age and sex standardised regression analysis (b=0-0709 mm Hg/mmol sodium; p<0001) and the analysis also adjusted for body mass index and alcohol intake (b=0 0446; p<0O01) ( fig  3a, b) . For 48 centres, however (excluding the four recording very low sodium excretion), both regression analyses showed no significant associations of sodiums with median systolic pressure (fig 3a, c) . Rank order correlation analyses showed non-significant associations for both 52 and 48 centres (data not shown).
Significant associations were found between median sodium excretion and median diastolic pressure in age and sex standardised regression analyses for 52 centres (b=0 0379 mm Hg/mmol sodium; p<001) and, with a sign in the opposite direction, for 48 centres (b=-0 0445; p=004) (fig 4a) . After adjustment for body mass index and alcohol intake the association was positive and of borderline significance for 52 centres (b=0 0226; p=0 08) but negative and non-significant for 48 centres (fig 4b, c) .
Median sodium excretion and prevalence of hypertension Median sodium excretion and prevalence of hypertension were positively and significantly related in correlation and regression analyses for 52 centres (b=0 0477%/mmol sodium (p=0 01) to b=0 0625%/mmol sodium (p<001)) but not for 48 centres or on rank order analysis (data not shown).
Data on cross centre analyses for the relation of the sodium to potassium ratio to blood pressure variables (slope with age, median blood pressure, prevalence of hypertension) are not given in this report but are available on request. Though the sodium to potassium ratio was positively related to both slope of blood pressure with age and prevalence of hypertension, this was significant only for the 52 centres and not the 48. Potassium was inconsistently related to blood pressure in these cross centre analyses.
Discussion
Intersalt found significant positive relations between 24 hour urinary sodium excretion and systolic and diastolic blood pressure in individual participants and between individual urinary sodium to potassium ratios and blood pressure. These relations were shown by pooling regression coefficients from 52 separate within centre analyses on 10079 people world wide after adjustment for age and sex. When also adjusted for body mass index and alcohol consumption of individual subjects and for urinary potassium in the sodium-blood pressure analysis the relation of systolic pressure to both sodium excretion and the sodium to potassium ratio remained significant (p<0-001), as did that between diastolic pressure and the sodium to potassium ratio (p<005). With age, sex, body mass index, alcohol intake, and urinary sodium excretion in the multiple regression analyses, significant negative relations were shown between potassium excretion and blood pressure, both systolic and diastolic.
Body mass index and heavy alcohol intake (c300 ml/ week (¢34 g/day)) were strongly, significantly, and independently related to systolic and diastolic pressure in individual subjects, findings concordant with results of many other studies.2627 The effect of body mass index was also strong across centres.
The few previous within population studies of urinary sodium and potassium excretion and blood pressure, each done in one or at most two popula-BMJ VOLUME 297 30 Estimates of the within centre regression coefficients may be seriously diluted by measurement errors. Though correction of this bias may be attempted by using the reliability estimates, adjustment may be incomplete. Nevertheless, after correction of the pooled regression coefficients for unreliability of measurement statistical estimates may be made of the effects of differences in electrolyte intake on blood pressure. These estimates cover a range, depending on the choice of systolic or diastolic pressure and of confounding variables used in the adjustment. Thus it was estimated that a 100 mmol/day lower sodium intake-for example, 70 instead of 170 mmol/daycorresponds statistically (with adjustment for age and sex only) to an average blood pressure lower by 3"5 mm Hg systolic or 15 mm Hg diastolic, but adjustment also for potassium excretion, body mass index, and alcohol intake reduces these estimates to 2-2 mm Hg systolic and 0 1 mm Hg diastolic. Important public health benefits may result from even these small changes in blood pressures if applied to the population as a whole." Cross centre regressions also showed positive linear relations between median 24 hour sodium excretion and slope of both systolic and diastolic pressure with age. After adjustment for body mass index and alcohol intake these relations were significant for all 52 centres and also for the 48 centres exclusive of the four recording low sodium excretion. From the analysis of the 48 centres it is estimated that if the relation were causal, then with a 100 mmol lower daily sodium intake the average increase in blood pressure from age 25 to age 55 would be less by 9 0 mm Hg for systolic pressure and 4 5 mm Hg for diastolic pressure.
In the four isolated centres whose populations had very low sodium excretion (0"2-51-3 mmol/24 h) and low urinary sodium to potassium ratios (<0"01-1"78) median blood pressures were also low (systolic 95-110 mm Hg, diastolic 61-68 mm Hg) and slopes of blood pressure with age were negative or small and positive. All other centres had positive slopes of blood pressure with age and higher median blood pressures. In Intersalt data there was a large gap of 50 mmol/day between median sodium intake in the four populations with low sodium excretion and the population with the next lowest among the other 48 centres. It may be that the relation of sodium with blood pressure is weak in the mid-range of sodium intake and stronger at both the lower and upper extremes of sodium reported in various populations.7
In contrast with the significant positive findings for sodium and slope of blood pressure with age, other cross centre results were inconsistent and strongly influenced by the four centres reporting low sodium excretion, so that regression analyses based on 48 centres were no longer significant. Several factors may have contributed to these inconsistencies. Firstly, the statistical power to detect significant associations in the cross centre analyses was low once the four populations with low sodium values were excluded, given a lower than expected upper limit of sodium intake. Secondly, multiple factors might affect blood pressure across populations-for example, climate, physical activity, level of acculturation-but are less likely to confound within centre comparisons; inability to control for these effects might bias associations in cross centre (3) Cross centre analyses of sodium excretion and (ecological) analyses."' For one important variable-median blood pressure and of sodium excretion and the slope of blood pressure with age-significant positive prevalence of hypertension showed a positive associaassociations with sodium were found across centres, tion when all 52 centres were included but not when consistent with the within centre findings. Systematic the four populations with low sodium values were measurement biases might distort comparisons of excluded. The inconsistency with the findings in indimedians across centres, but, being similar across age vidual subjects might reflect the role of confounding groups and individual subjects within a centre, they variables that differed widely across centres but less so would be less likely to bias values of the slope of blood within centres. pressure with age or other within centre comparisons.
(4) Potassium excretion was negatively and indeAnalyses are in process for men and women separ-pendently associated with blood pressure of individual ately and for older and younger ages and of the effects subjects within centres after adjustment for sodium of body mass index, alcohol intake, urinary calcium excretion, body mass index, and alcohol intake. and magnesium excretion, and social and cultural (5) The relation of the, urinary sodium to potassium factors including physical activity, education, and ratio to blood pressure in individual subjects followed a social state.
pattern similar to that for sodium but more strongly The following conclusions may be drawn from the and consistently. Intersalt data:
(6) Body mass index and high alcohol intake were (1) Within centres sodium excretion was signifi-strongly, positively, and independently associated cantly related to blood pressure in individual subjects, with blood pressure in individual subjects. and at least in part this relation was independent of body mass index and alcohol intake. Sodium excretion
The study was launched under the auspices of the Council was also significantly related across centres to the slope on Epidemiology and Prevention of the International Society of blood pressure with age. Thus lower average sodium and Federation of Cardiology (ISFC). The work was intake might have a favourable influence on blood supported by grants from the Wellcome Trust (United pressure, on change of blood pressure with age, and Kingdom); the National Heart, Lung, and Blood Institute hence on cardiovascular mortality.
( The 95% confidence interval for the population value of ydeft is then given by: 0-4548-(2lOxO3546) to 0-4548+(2lOxO3546) that is, from -0 29 to 1 20%.
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